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Isolation and characterization of eDNA from renal tubular epithelium
encoding murine Rantes. We have been interested in identifying prom-
flammatory molecules which might play a role in attracting monocytes
and T cells to the kidney. Some of the new intercrines are potential
candidates. In this report we have isolated eDNA encoding murine
Rantes (MuRantes) from renal tubular epithelium (MCT cells). Mu-
Rantes is a 91 amino acid member of the -C-C- or intercrine f3 subgroup
of the Scy superfamily. The amino acid sequence for mature MuRantes
was deduced from its coding cDNA and was found to be 90% homol-
ogous to its mature human counterpart (HuRantes). MCT epithelium
expresses a single mRNA transcript for MuRantes of 1100 bp. The
MuRantes protein could be detected in cell lysates of MCT epithelium
by western blotting and in the cytoplasm of MCT cells by immunoflu-
orescence using a polyclonal antibody generated against HuRantes
fusion protein. A search protocol using MuRantes-specific primers and
eDNA amplification revealed that mRNAs for MuRantes are expressed
additionally in syngeneic mesangial cells (MMC cells), whole kidney,
liver, and spleen, as well as in nephritogenic antigen-specific CD4
helper and CD8 effector T cells. eDNA amplification studies also
demonstrated a significant elevation in mRNA transcripts encoding
MuRantes in response to the stimulation of MCT epithelium with TNFa
and IL-la in culture, but not with TGFI3, yIFN, or IL-6. Our findings
indicate that proximal tubular epithelium is an authentic source of
MuRantes, and that transcripts encoding MuRantes are responsive to
the modulating influence of paracrine factors having a known role in the
development of parenchymal injury.
cysteine residues in the mature protein are separated by an
amino acid (-C-X-C- class/intercrine a), or are directly adjacent
(-C-C- class/intercrine f3).
HuRantes, the prototype of the -C-C- class, was isolated
originally and cloned from a cDNA library enriched for human
T cell specific sequences [3, 41. Recombinant protein for
HuRantes is a selective chemoattractant for CD4 lymphocytes
and monocytes [5], while MCP-l/MCAF appears to be
chemoattractant primarily for monocytes alone. IL-8 is an
attractant principally for neutrophils, but may influence other
subpopulations of mononuclear cells through its pleiomorphic
effects [2]. Although other lesser known members of the Scy
superfamily are expressed in a variety of cell types, including
fibroblasts, epithelial cells, synovial cells, and endothelial cells
[6—11], the presence of HuRantes was thought originally to be
restricted exclusively to differentiated, antigen-specific T cells
[4]. We now report here, however, the isolation and partial
characterization of MuRantes using a cDNA library prepared
from proximal tubular epithelium.
Methods
Cell lines and cytokines
Over the past few years a new family of small cytokines (Scy
superfamily/intercrines) has been described using conventional
molecular and protein chemistry [1, 2]. These proteins share 20
to 50% amino acid homology, are usually 8 to 15,000 Mr in size,
seem to play a role in selective hematopoietic cell growth and
differentiation, and can have a variety of proinflammatory or
reparative properties in tissues [1—4]. Interleukin-8 (IL-8) is
probably the most studied member of this assemblage [2]. Other
members include platelet factor-4, gro-MGSA, macrophage
inflammatory proteins (MIPs) 1 and 2, monocyte chemoattrac-
tant protein (MCP-i/MCAF), HuRantes, and mKC, do, and
mJE [1—4]. This superfamily has been subdivided into two
subgroups based on whether the first two of four invariant
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MCT cells are a cultured line of proximal tubular cells,
harvested originally from the renal cortex of SJL (H-2) mice
[12]. Recombinant cytokines, like recombinant tumor necrosis
factor alpha (TNFa; > 2.0 x io U/mg), interleukin-la (IL-la,
> 1.0 x io U/mg) and interleukin 6 (IL-6; > 2.0 x i08 U/mg)
from Boehringer Mannheim (Indianapolis, Indiana, USA),
transforming growth factor 13 (TGFf3) from R&D Systems
(Minneapolis, Minnesota, USA), and recombinant gamma in-
terferon (7IFN) from Genzyme (Boston, Massachusetts, USA)
were added to MCT cells rested in serum-free culture, as
described below. Syngeneic mesangial cells (MMC cells) have
also been isolated from glomerular outgrowth cultures (unpub-
lished data). M30.2 cells are a CD4 MHC class II restricted
helper T cell clone which recognize the 3M-I nephritogenic
antigen expressed by MCT cells [13]. M52.26 and M52.34 are
3M-i-reactive CD8 MHC class I restricted effector T cell
clones [14]. M52.26 does not produce a delayed-type hypersen-
sitivity (DTH) response to 3M-i, but is cytotoxic to MCT cells,
while M52.34 is DTH-reactive, but effects less efficient cyto-
toxicity towards MCT cells [141. All of these T cells were
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maintained by weekly passage with syngeneic irradiated sple-
nocytes, IL-2, and renal tubular antigen [13, 14].
cDNA library screening for MuRantes
A A Zap II cDNA library from murine MCT cells was
screened for informative plaques using a '—430 bp EcoRI-Apal
5' fragment encoding a HuRantes labeled with 32[Pldeoxycyti-
thne 5'-triphosphate (3,000 Ci/mmol, Amersham, Arlington
Heights, Illinois, USA) using hexamer primers and Kienow
polymerase [15]. Positive plaques were converted to phagemids
and both strands of selected positive clones were sequenced by
chain-termination using T7/T3 and internal oligonucleotide
primers and SequenaseTM (United States Biochemicals, Cleve-
[and, Ohio, USA).
Northern hybridizations
Northern hybridizations were performed using an insert
probe from the MuRantes clone pMuR3 hybridized to 20 g of
total MCT cell RNA electrophoresed and electroblotted onto
nylon membranes [151. Post-hybridization washes were per-
formed at 65°C in 0.5% SDS and 0.1 x SSC, and the filters were
then autoradiographed with intensifying screens at —70°C.
Western blotting
io MCT cells were grown in DMEM with 10% FCS (GIBCO-
BRL, Grand Island, New York, USA), scraped off the culture
plate in PBS, extensively washed, and boiled in 100 d of
SDS-disruption buffer (62 mivi Tris-HCL, pH 6.8; 4 M urea, 2%
SDS, and 2% mercaptoethanol). The tubes were then spun for
10 minutes, and the supernatants were electrophoresed through
a 20% SDS-polyacrylamide gel under denaturing conditions.
Proteins were transferred to nitrocellulose by transelectrical
blotting [16]. The blots were blocked with 5% non-fat dry milk
in 20 mrs's Tris-HC1, 137 mrs's NaC1 and 0.1% Tween-20 for
immunodetection using the ECL Western Blotting SystemTM
(Amersham, Arlington Heights, Illinois, USA). A polyclonal
rabbit antibody was generated against a HuRantes fusion pro-
tein expressed in the 590 vector containing a truncated /3-Gal
sequence 5' to the polylinker (prepared by Alan Krensky), and
was used in a 1:500 dilution with the preimmune serum as a
control. The secondary antibody was a donkey peroxidase-
labelled arabbit IgG. The blots were processed for lumines-
cence according to the manufacturers recommendations, and
were then exposed for five seconds to film.
Immunofluorescence
MCT cells were grown on glass slides to subconfluent den-
sity, and were fixed at —20°C in acetone for 10 minutes prior to
their staining with a 1:200 dilution of rabbit anti-HuRantes-Ab
prepared from fusion protein described above. The fluorescent
stain was developed with an optimal concentration of affinity-
purified, monospecific, FITC-labelled goat anti-rabbit IgG [12).
cDNA amplification
Total RNA was prepared from whole kidney, spleen and liver
of naive 8 to 12 weeks old, female SJL mice using guanidinium
isothiocyanate [15]. In the cell culture experiments, 4 x io
MCT cells were plated in 2 ml DMEM with 10% FCS in 12-well
plates for 24 hours, rested for an additional 24 hours in
serum-free DMEM/FIam's Fl2 (JRH Biosciences, Lenexa,
Kansas, USA) 50:50 media and then stimulated with a variety of
cytokines. RNA was obtained additionally from M30.2 [13],
M52.34 [14], M52.26 [14], and a cultured mesangial cell line.
First-strand cDNAs were synthesized from 4 to 8 g of total
RNA from the different culture conditions using reverse tran-
scription reaction primed with 0.7 jg of poly-d(T)primer [17,
18]. cDNA amplification reactions for the comparison of tran-
scripts encoding MuRantes was performed as described
previously [18] using the housekeeping transcript encoding
glyceraldehyde-3-phosphate dehydrogenase (GAPDH) for nor-
malization.
The polymerase chain reaction was performed using 100 ng 5'
GAPDH primer (5'-AATGCATCCTGCACCACCAA-3'), 100
ng 3' GAPDH primer (5'-GTCATFGAGAGCAATGCCAGC-
3'), 250 ng 5' MuRantes primer (5'-GAAGATCTCTGCAGCT-
GCCCT-3'), and 250 ng of 3' MuRantes primer (5'-GCTCATC-
TCCAAATAGfl'GA-3'). Both sets of primers were used in
each reaction [17, 18]. A master reaction mix excluding tem-
plate was distributed equivalently to separate tubes containing
the individual templates. cDNA amplification was performed
for 35 cycles with an annealing temperature of 54°C for one
minute, an extension temperature of 72°C for two minutes, and
a denaturing temperature of 92°C for one minute. Ten to 20 d
of each reaction product was then electrophoresed through a
2.0% agarose gel containing 0.5 p.g/ml of ethidium bromide. The
bands representing reaction products were photographed, re-
moved, and counted for /3-emissions. A normalization quotient
between the cpms for MuRantes (271 bp) and GAPDH (512 bp)
was determined [18], and a statistical analysis was performed
using a Student's I-test. Each replica represents a separate
template. In some experiments non-labelled amplification prod-
ucts for MuRantes were transferred to nylon membranes for
southern hybridization with predicted internal oligonucleotides
[18].
Results
In order to isolate clones encoding MuRantes a cDNA library
was constructed from MCT epithelium [15]. Approximately
50,000 phage were screened with a —430 bp probe representing
the 5'-coding region of HuRantes [4]. A total of 3 clones were
isolated containing inserts between 400 to 900 bp. The nucleo-
tide sequence of both strands of the cDNA insert from pMuR3
was determined following in vitro excision and rescue of the
phagmid. Figure 1A shows the partial MuRantes cDNA se-
quence from pMuR3 containing a 5'-UT sequence, a complete
open reading frame for the 91 amino acid residues encoding
MuRantes, and an additional 3 '-UT region. The first 22 amino
acids of the coding region are underlined and characteristic of a
predicted hydrophobic signal peptide following a brief Kozak
consensus AUG-start sequence for eukaryotic genes [19]. The
predicted stop codon is doubled underlined, and part of the
3'-UT region (478 to 547 bp) contains quasi similarity to the
Alu-repeat region III described previously [4].
Alignment of the predicted amino acid sequence for Mu-
Rantes with the mature sequence (without signal peptide) for
HuRantes (Fig. lB) shows differences in a total of 8 amino
acids. There is no frame shift and the cysteine residues,
including the adjacent first two, as predicted, are conserved in
the MuRantes. This alignment also illustrates the order and
arrangement of other representative homologues of the Scy
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Fig. 1. cDNA and predicted amino acid sequence of MuRantes (Gen-
Bank Accession number M77747). (A) The eDNA sequence of Mu-
Rantes is shown including partial 5' and 3' untranslated regions. The
predicted amino acid sequence is illustrated above the nucleotide
sequence, including the predicted signal peptide (underlined) and stop
codon (double underlined). (B) Comparison of the amino acid residues
encoding MuRantes (minus the signal peptide) with HuRantes and other
members of the Scy/intercrine p superfamily.
intercrine 13 superfamily. The MuRantes, MIP-la, MIP-ib, and
PDGF-JE all have a conserved phosphorylation site predicted
between residues 64 and 68.
Our cDNA for MuRantes from renal tubular epithelium was
next used to probe and identify a 1100 bp transcript by
northern analysis of total RNA prepared from MCT cells (Fig.
2A). Western blotting of MCT cell protein lysate (Fig. 2C),
using an polyclonal antibody generated against a HuRantes
fusion protein revealed the presence of an appropriately sized
band of approximately 8,000 Mr not observed with control
antibody. Additionally, immunofluorescent staining of intact
MCT cells with the same anti-HuRantes fusion protein antibody
revealed prominent cytoplasmic staining not seen with control
preimmune sera (Fig. 3).
We next used a eDNA amplification search protocol to probe
for transcripts encoding MuRantes in various tissues and cells,
and to explore the cytokine modulation of transcript levels for
MuRantes in MCT epithelium. Sequences for amplification
primers were selected from the flanking ends of the coding
region of MuRantes. A predicted amplification product of 271
bp for MuRantes and 515 bp for GAPDH was found in the
first-strand cDNA from MCT cells and whole kidney (Fig. 4A).
Southern blots of the MuRantes amplification products from
kidney and MCT cells also hybridize to oligonucleotides syn-
thesized from an internal sequence of MuRantes, but not to
GAPDH (Fig. 2B). The amplification product for GAPDH can
also be detected specifically by an internal oligonucleotide (data
not shown).
Initial amplification experiments were aimed at optimizing
the detection parameters. Figure 5 demonstrates that our con-
ditions for the amplification of MuRantes using 200 ng of
template and 35 cycles were in the linear range without evi-
dence of plateau. No amplification products were detected
when the RNA was subjected directly to amplification, indicat-
ing an absence of contaminating genomic DNA in the template,
and further experiments were therefore performed under simi-
Discussion
It has been known for some time that tubulointerstitial
damage by infiltrating monocytes and T lymphocytes can play a
critical role in the incremental destruction of tissue in a variety
of immunologic and non-immunological models of progressive
renal injury. Such infiltrates have been detected in such diverse
pathophysiological situations as 5/6 nephrectomy, ureteral ob-
struction, renal allograft rejection, various models of glomeru-
lonephritis, anti-tubular basement (aTBM) nephritis, and in
non-immunological models of proteinuria [21, 22]. Morphomet-
nc parameters of cellular inflammation assessing probable risk
for end-stage renal disease also correlate better with the extent
of interstitial injury, than with glomerular involvement [211. The
actual mechanisms which signal T cells and monocytes into the
tubulointerstitium, however, are not yet known.
We report here the cloning and characterization of murine
Rantes from a renal proximal tubular cell line. An RNA
transcript of the appropriate size (1100 bp) was detected by
northern analysis of MCT RNA. MCT cell expression of an
8,000 Mr protein product was identified by Western blotting of
cell lysates with an antibody prepared against HuRantes fusion
protein. Immunofluorescent staining of MCT cells in culture
A.
lt Lya Us Per Ala Ala Al.. ian (a)klO O o- r ()
Tha Il• U. Ian Tbr Ala Ala Ala Ian Cpa ltr Pro Ala Pro Ala Sex Pro Tyr 044aur a,r - ar GiC T sm TAT (lii)
Gly p.r Zup iti mx Pro Cys Cpa Pb. Ala Tyr Ian Sex Len Gin 14n Pro 515 (44)TGi iC A Al? T l TTT sC C!C T CTA G dO T 01? (1711
Ala Its V.1 Lys Giu Tyr Pb. Tyr mx p.r Sex Lye dye Sex APe Ian Ala V.1 ()
C GTC SAl .G TA? TLV TAd 501 MG 501 SAl MG MG SAT CT? GGl dC 015)
V.1 Pbs V.1 mx Ax5 Mg l.a. 515 GIn V.1 dye Ala San Pro Gin Lye Lye TIp (50)GIG TTT Old Al? L MG SAd GiA GIG TOT ( SAl 01A GIG MG MG MG 12Th
V.1 GIn Gin Tyr Ii. APe Tyr Zen Gin It Sex
GIT A Gik TAd ATC MG TA? ITO GIG --
)53p.nt.e
NIP-la
'ow,.
NIP-Th
'oAdfl
P0-JZ
C'S
GImGITTTCTTGI?TcTGIC lar conditions.
Figure 4A demonstrates the partial tissue distribution of
transcripts for MuRantes as well as its presence in a variety of
, cultured cell lines, all normalized for GAPDH [17, 18]. Mu-
Rantes was found in whole spleen, kidney, and liver, with liver
expressing relatively more than the other two tested organ
tissues. MuRantes was also detected in MCT proximal tubular30 40 50 40 70 50 90 . . . .
* * . * * epithelium, murine mesangial cells, and in nephritogenic 3M-l
antigen-specific T cell clones which recognize and react with
_____________________ 3M-l expressed by MCT epithelium [15]. These T cell clones
include CD4 M30.2 helper cells [13] which induce both CD8
_____
______ _____
M52.34 DTH-reactive effector cells and CD8 M52.26 cyto-
toxic effector T cells [14]. The DTH-reactive effector T cells
(M52.34) curiously seem to express relatively more copies of
transcripts encoding MuRantes than did the other types of
functional T cell clones.
Further analyses of changes in the levels of mRNA encoding
MuRantes were conducted using cDNA amplification. Figure
4B demonstrates, in limited experiments, the relative shift in
levels of mRNA after stimulation of MCT cells with a variety of
cytokines in serum-free media for 24 hours. IL-I a and TNFa, in
the doses used, clearly increased expression of MuRantes (P <
0.05), while IL-6, TGF13, and YIFN, had minimal effect. These
relative increases in MuRantes following co-culture with IL- 1 a
and TNFa persisted despite varying the total cycle number
from 25 to 40 cycles (with constant starting template concen-
tration of 200 ng), or by varying starting template concentration
from 30 to 1000 ng for 35 cycles (data not shown), further
validating our findings.
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Fig. 2. Expression of MuRantes. (A)
Northern hybridization of total RNA from
MCT cells probed with MuRantes cDNA
(pMuR3) revealing an - 1100 bp band. (B)
Southern hybridization of GAPDH (515 bp)
and MuRantes (273 bp) amplification products
from total kidney RNA (left) and MCT cell
RNA (right) using an internal oligonucleotide
probe for MuRantes. (C) Western blot of
MCT cell lysates with a polyclonal
aHuRantes-Ab revealing a 8 to 10,000 Mr
band (arrow) not seen with pre-immune
control antibody.
with the same antibody confirmed the presence of MuRantes-
like protein in MCT cytoplasm. Other members of the intercrine
a and 13 subfamilies have weak protein homology with Mu-
Rantes, a few of them are 8,000 M in size, and consequently
some of the discovered, and yet to be discovered members of
present, however, we have no knowledge of any such cross
reactivity in MCT cells.
Sequencing of MuRantes cDNA, and comparison to its
human counterpart, demonstrated greater than a 90% homology
at the nucleotide and deduced amino acid level, further con-
firming MCT cell expression of this molecule. These similarities
also suggest that MuRantes may share the selective T cell
chemoattractant properties characteristic of human Rantes [5].
Transcripts for other members of the Scy superfamily have
been found by Northern analysis in a variety of non-hematopoi-
etic cell types, including kidney epithelial cell lines [7—111.
CINC, for example, a protein related to KC/gro-MGSA, which
itself is known to be a neutrophil chemoattractant has been
cloned from the rat kidney epithelial cell line NRK-52E [8]. IL-8
has also been detected in human renal epithelium 1201. These
particular intercrines, however, are not selective for monocytes
and T cells. They would not be predicted, therefore, to play
much of a role in traditional, monocyte/T cell-mediated autoim-
mune tubulointerstitial inflammation [21]. HuRantes, on the
other hand, has only been reported previously in antigen-
specific T cell lines, and specifically has not been detected in
activated B cells, and a number of lymphoma, lymphoblast, and
leukemia cell lines [4]. Northern analysis of normal human
tissues previously failed to demonstrate HuRantes in placenta,
skeletal and smooth muscle, lung, and liver [4]. In the current
study, however, we demonstrate MuRantes in renal proximal
tubular cells, renal mesangial cells, T cells, and in whole spleen,
liver, and kidney. The broader detection of Rantes in our
experiments may reflect the increased sensitivity of RT-PCR
over Northern blot analysis in detecting transcripts of low
abundance. Additionally, in each individual organ, it is not yet
known what cell type predominantly expresses MuRantes. We
speculate that constituitive low levels of MuRantes expression
are present in most tissues, and that upregulation of MuRantes
may occur as a general response to cellular injury. Confirmation
of this hypothesis and establishment of the exact cellular/tissue
distribution of this intercrine awaits further study. The novel
demonstration of MuRantes expression by MCT cells may,
however, provide a pathophysiologic link between the initial
tubulointerstitial injury and subsequent infiltration and damage
by mononuclear cells.
Fig. 3. Indirect immunofluorescent labelling of MCT cells with anti-
body detecting MuRantes. (A) MCT cells were incubated with rabbit
anti-Hu-Rantes-Ab which stains the cytoplasm of the tubular cell. (B)
Pre-immune sera produced no visible staining under the same condi-
tions (300 x original magnification).
In order to explore potential factors that regulate MuRantes
this family might conceivably cross react with this antibody. At expression in MCT cells, we next used the polymerase chain
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Fig. 4. Distribution and cytokine induction of
transcripts encoding MuRantes. (A) Tissue
and cell line distribution of MuRantes.
Relative quantities of amplification product
from different templates, normalized for
GAPDH, are depicted in bar graph form, with
representative photographs of ethidium
bromide stained agarose gels set above. (B)
Relative increase amplification product for
MuRantes in MCT epithelium 24 hours after
cytokine induction. Representative
photographs of each experiment are above
each set of bars; N = 12 for each control
group, and N = 6 for each cytokine
stimulated group. Each replicate for the mean
represents a different template. (*)P < 0.05
for IL-la and TNFa stimulated templates.
reaction to rapidly and reproducibly measure MuRantes tran-
script levels after stimulation with a number of immune modu-
lating cytokines. IL-la and TNFa stimulation of MCT cells led
to marked increases in transcripts for MuRantes, while IL-6,
TGF/3, and YIFN had minimal effects. Although not shown
previously with HuRantes, other members of the Scy superfarn-
ily, including IL-8 and MCAF, are also stimulated by the
exogenous addition of IL-la and TNFa in culture [7, 9—111.
These initial studies demonstrating the paracrine modulation of
transcripts encoding MuRantes in proximal tubular epithelium
are of interest for several reasons, The first reason is that
proximal tubular cells are potentially vulnerable to the release
and challenge of upstream cytokines in glomerular filtrate, since
the cytokine suppressive effects of the sink-protein uromodulin!
THP are not added to the tubular fluid until it flows downstream
to the loop of Henie [231. Secondly, intercrines in proximal
tubular epithelium may eventually be important to our studies
of murine tubulointerstitial nephritis [21, 241 where aTBM
antibodies and MHC class Il-restricted, CD4 helper T cells
induce a complex mononuclear cell immune response to the
3M-i tubular antigen expressed by MCT cells [131. Previous
studies by our group in aTBM disease suggest, for example,
that the kidney, after the early binding of aTBM antibodies,
produces a heat-stable chemoattractant for monocytes and T
cells which is not complement [251. IL-ia and TNFa are also
produced by the 3M-i-reactive T cells used in this current study
(unpublished observations), and it is possible that bi-directional
T lymphocyte-epithelial cell interactions may facilitate the local
release of MuRantes in order to enhance or engage the further
infiltration of mononuclear ceils in the renal interstitium, as has
been proposed for its human counterpart [51. The antigen-
reactive T cells brought into the interstitium can then secrete
additional lymphokines which stimulate fibroblast proliferation,
coliagen synthesis, and progressive fibrogenesis [23, 26J. Being
able to study and manipulate these intercrines experimentally,
in order to attenuate their biologic actions, may eventually
facilitate attempts to attenuate the natural history of organ-
based inflammatory disease.
Note added in proof
The rabbit antisera made to fusion protein-Rantes was tested in serial
dilution by solid-phase radioimmunoassay against rRantes, r-MIP-la,
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Fig. S. cDNA amplification of MuRantes. Relative increase in ampli-
fication products for MuRantes is illustrated with increasing cycle
number (A) and increasing template concentration (B). Representative
photographs of ethidium bromide stained agarose gels are shown in the
upper left hand corner of each panel.
r-MIP-113, and rIL-8 (gifts from Dr. Monica Tsang, R&D Systems), and
was found to be specifically reactive to rRantes.
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